Introduction: Increasing emphasis is being placed on the detection of frailty in the
related to ageing, it is a distinct entity and does not exclusively occur in older patients. 9 Many anaesthetists do not specifically consider frailty in their pre-operative assessment or consider interventions aimed at reducing frailty in the pre-operative period. In a recent review, Hubbard and Story referred to frailty as the "elephant in the operating room: easy to spot but often ignored." 10 Quantification of frailty in surgical patients should be undertaken in the context of risk reduction strategies, including "aggressiveness" of surgery and enrolment in prehabilitation programs. Prehabilitation is a collective term to describe pre-operative interventions aimed at increasing the physiological reserve of patients prior to surgery. Prehabilitation programs variably include physical, psychological, and nutritional interventions and may reduce the incidence of postoperative complications, shorten hospital stay and improve healthrelated quality of life. Given the increased vulnerability of frail patients presenting for surgery, prehabilitation might be especially advantageous in this patient group.
This systematic review provides a brief overview of the pathophysiological basis of frailty, including frailty models and indices, and then appraises the evidence for prehabilitation interventions in frail surgical patients.
| SEARCH STRATEGY
Studies were included if they consisted of a prehabilitation intervention in frail patients undergoing surgery. Case reports were excluded;
however, all other study designs were included due to a paucity of evidence. Restrictions were not placed on the primary or secondary outcome measures of the studies. Searches of MEDLINE, PubMed, and CINAHL databases were performed using the keywords and Medical Subject Headings: frail, frailty, frail elderly, deconditioned persons, prehabilitation, pre-operative exercise, breathing exercises, inspiratory muscle training, general surgery, surgery, and surgical procedures, operative. The full search strategy is detailed in the Appendix S1. The search was limited to articles up to and including April 2018. Non-English language studies were excluded. Studies were also excluded if they did not use a specific frailty model/index.
We manually searched the reference lists of articles to locate further relevant studies. Two reviewers (DM and NP) screened the titles and abstracts of identified articles. The full manuscripts of selected articles were then screened by the same two reviewers (DM and NP) to assess for eligibility. The PRISMA flow chart is included below. Data were extracted by one reviewer (DM). The following data were extracted from the studies: study design, number of subjects, type of surgery, prehabilitation intervention used, frailty index, and primary and secondary outcomes. GRADE was used to assess for overall quality of evidence for exercise prehabilitation. GRADE examines 5 domains to evaluate the quality of evidence: risk of bias, imprecision, inconsistency, indirectness, and publication bias. 11 Publication bias was not evaluated due to the paucity of studies available.
The overall quality of evidence was described as high, moderate, low, or very low.
| DEFINITION OF FRAILTY
Frailty is a multidimensional state of reduced physiological reserve, resulting in increased vulnerability to stressors, decreased resilience, and loss of adaptive capacity. 12, 13 Applied to the perioperative period, this generates a state of exquisite vulnerability and pre-disposes frail subjects to a number of adverse outcomes, including increased post-operative morbidity and mortality, prolonged length of stay, functional dependence, disability, and increased need for institutionalisation. 10 In a frail individual, exposure to a stressor results in a disproportionate decline in functional capacity, prolonged recovery and failure to return to baseline. 14 Stressors can be categorised as iatrogenic (for example surgery) or pathological; the latter caused by acute illness or chronic disease. 13 Frailty and ageing share many features but are distinct entities. Increasing age is correlated with increased frailty, but frailty is not restricted to, nor defined by, advanced age. The proportion of older adults is increasing worldwide; in Australia in 2016, 3.7 million (15%) were aged 65 and over and by 2056, this number is projected to grow to 8.7 million (22%). 15 
| CLINICAL SIGNIFICANCE
There is an increasing advocacy in the literature for anaesthetists to routinely and robustly assess frailty in the pre-operative setting. 10 Recognition of frailty improves the process of risk stratification of patients prior to surgery 8, 16 and can also provide an impetus for enrolment in prehabilitation. reduced from 12.2% to 3.8% (P < 0.001). It was suggested that clinicians had a lower threshold to intervene in the post-operative care of frail patients.
| DECONDITIONIN G
Deconditioning is a common phenomenon in the perioperative period, occurring as a consequence of ageing and comorbid diseases (including cancer and impaired functional and metabolic states).
Deconditioning results in loss of muscle mass, strength and aerobic capacity, as well as impaired autonomic and respiratory function and demineralisation; collectively, there are disturbances in body composition and function. At the time of surgery, a "stress response" is encountered (a cascade of inflammatory, endocrine and metabolic processes resulting in a predominantly catabolic state), 19 which is combined with muscle inactivity and malnutrition and altogether exacerbates the deconditioning process.
| PATHOPHYSIOLOGY
Frailty is a pathophysiological process involving an interaction of inflammatory processes, endocrine changes, autonomic instability, poor nutrition, and physical inactivity. The cellular disturbances associated with frailty include apoptosis, cellular senescence, and impaired cellular repair. 20 Malnutrition, cachexia, immobility, and comorbidities result in decreased muscle mass and sarcopenia, which forms an important tenet of frailty. Pre-operative inflammatory mediators such as interleukin-6 (IL-6), C-reactive protein and tumour necrosis factor are higher in frail patients. Increased plasma levels of IL-6 are strongly correlated with frailty. 21 Endocrine changes associated with frailty include low levels of testosterone, insulin-like growth factor, and vitamin D. Impaired immunity results from the low levels of lymphocytes and CD8 T-cells in frailty. 13 There is also a procoagulant state associated with decreased plasminogen activator inhibitor-1. Thus, frailty is a complex state, resulting from an interaction between agerelated factors, as well as genetic and environmental factors (Figure 1 ). Frailty is 5-7 times higher in patients dependent on haemodialysis.
The risk of death is also 2.6 times higher in frail haemodialysisdependent patients compared with a comorbidity-adjusted group of non-frail haemodialysis patients. 22 Interventions targeted at underlying reversible conditions (including congestive cardiac failure and chronic renal failure) may be effective in mitigating, or even reversing frailty. Renal transplantation, for example, can reverse frailty associated with end-stage renal failure. 22 
| FRAILTY MOD ELS AN D INDICES
There are numerous models and scoring indices for frailty. Models can be broadly divided into phenotypic, deficit accumulation, and multidimensional models. 4 Phenotypic (physical) frailty refers to a syndrome of decreased physiological reserve resulting from cumulative decline across multiple organ systems (skeletal muscle, nutrition, autonomic nervous system, and energy metabolism) ( Figure 2 ).
Fried proposed frailty to be a distinct biological condition with a defined phenotypic expression: unintentional weight loss (≥4.5 kg over 12 months), weakness as measured by grip strength recorded by a handheld dynamometer, self-reported exhaustion, reduced walking speed and low physical activity 23 (Table 1) . Three or more of these criteria defined frailty, whilst one or two factors defined "prefrailty." These 5 variables were derived from the Cardiovascular Health Study, a study designed to predict the development of coronary heart disease and cerebrovascular disease. 24 The presence of the frailty phenotype was associated with mortality and the F I G U R E 1 Pathophysiology of frailty [Colour figure can be viewed at wileyonlinelibrary.com] development of adverse outcomes. 23 Fried's phenotypic model, by definition, does not include non-physical domains of frailty, such as cognitive and psychological deficits. It also cannot apply to frail patients unable to walk or hold a dynamometer. Sarcopenia, a reduction in muscle mass with a loss of strength or physical performance, is another phenotype, 12 which has been linked to non-survival following oncological surgery 25 and liver transplantation. 26 Other validated phenotypic models exist, many of which share overlapping criteria with Fried's model, including the FRAIL scale (fatigue, resistance, ambulation, illness, loss of weight), 27 Chin's criteria of inactivity and weight loss, 28 and the Easy Prognostic Score. 29 Deficit accumulation frailty models propose that frailty results from the accumulation of medical, functional, and social deficits ( Figure 3 ). The Frailty Index can be measured by counting the number, rather than the severity or nature, of deficits ( Table 2 ).
The original frailty index was derived from the Canadian Study of
Health and Aging (CSHA), a study designed to assess the epidemiology of dementia. 30 There were 92 variables or possible "deficits" (based on symptoms, signs, laboratory results, diseases, or disabilities) 31 and each deficit was assigned equal weighting.
For example, if a patient had 23 deficits, their frailty index was equal to 23/92 = 0.25. These 92 variables were later abbreviated to 11, generating a modified frailty index (mFI) ( Table 3 ). The mFI was derived predominantly from risk factors for markers of vascular disease and predicted 30 day mortality and morbidity postoperatively. and psychological needs. 14 CGA has been applied proactively to elective surgical patients and has been shown to reduce post-operative complications and length of hospital stay. 32 A Frailty Index can be derived from CGA and is the purported gold standard assessment, though not universally agreed. 14 This index is a deficit accumulation model and is based on an Impairment Index, compromising ten possible deficits, and a Comorbidity Index (Table 4) . 33 The Groningen Frailty Indicator, an example of a multidimensional model, is a 15 item questionnaire, encompassing multiple domains including mobility, altered sensorium, nutrition, comorbidity, psychosocial disability, and physical activity. 34 
| PREHABILITATION
Prehabilitation refers to pre-operative interventions aimed at increasing patients' physiological reserve so that they can better withstand the stress of surgery and thus avoid complications. 35 Nutrition and exercise are two common modalities of prehabilitation. Pre-operative carbohydrate loading is a component of metabolic prehabilitation and has been embedded in Enhanced Recovery After Surgery (ERAS)
programs. 35 Prehabilitation programs and their various components have been studied extensively in multiple patient groups worldwide;
however, very few studies have focused specifically on exercise (physical) prehabilitation in frail patients or quantified their assessment of frailty.
It is recommended that the elderly should undertake 75 minutes of vigorous exercise or 150 minutes of moderate exercise per week and aerobic exercise (10 minute sessions) spread through the week to increase muscle strength and endurance and help with weight loss. 35 The assumption is that repeated exposure to physical exercise will improve the patient's physiological reserve to cope with the increased demands following surgery. A pre-operative exercise prehabilitation programme includes resistance and aerobic exercises in addition to flexibility manoeuvres. A structured programme is essential for exercise prehabilitation. The intensity of exercise is based on the percentage of heart rate reserve (HRR) calculated using the Karvonen formula (Target Heart rate = [(maximum heart rate − resting heart rate) × %intensity] + resting heart rate). In patients with low physical fitness, it is recommended to commence exercise at 55% heart rate reserve. This can be supplemented by the Borg Scale, a qualitative visual scale, in which the patient rates the intensity of exertion from 6 (no perceived effort) to 20 (maximal exertion). Even small amounts of physical exercise can produce significant benefits in the least fit or most sedentary patients. 36 Accelerometers and pedometers (step counting devices) may be used to monitor and encourage ambulatory activity.
| PREH ABILITATION: EXERCISE
Exercise is an attractive pre-operative intervention because it demands a complex interaction between many organ systems and may modify deficit accumulation within these systems. It has several benefits such as increasing muscle strength and co-ordination, thus improving physiological reserve. Modified frailty index (mFI) 9 11 deficits: 1. "History of diabetes mellitus" 2. "Not independent functional status" 3. "History of either chronic obstructive pulmonary disease or pneumonia" 4. "History of congestive cardiac failure" 5. "Myocardial infarction in the 6 mo before surgery" 6. "History of percutaneous coronary intervention, cardiac surgery or angina" 7. "Hypertensive medications" 8. "Peripheral vascular disease or rest pain" 9. "Impaired sensorium" 10. "Transient ischaemic attack or cerebrovascular accident" 11. "Cerebrovascular accident with deficit"
Modified frailty index = deficits present/total number of possible deficits Example: if 4 deficits present, frailty index = 4/11 = 0.36 Frailty Index varies from 0 to 1
In 3 studies, prehabilitation was defined solely by an exercise intervention (Table 5) . [37] [38] [39] All were pilot studies with small sample sizes, significant clinical heterogeneity, different frailty indices, and different primary and secondary outcome measures. Two were pilot studies primarily designed to assess the feasibility of prehabilitation in patients undergoing hip arthroplasty and were not powered to assess efficacy. 37, 38 The primary outcomes were feasibility, assessed via satisfaction, adherence and adverse events, while secondary outcomes were pre-operative efficacy, assessed via self-reported and performance-based measures, and post-operative efficacy, assessed via length of hospital stay and functional recovery. In the study by Hoogeboom et al, 37 patients were defined as frail based on scoring at least two in the Clinical Frailty scale. The external validity of the study was severely limited by selection bias: the majority of eligible patients (41 of 62) declined to participate, with only 10 patients enrolled in the exercise group. Amongst this self-selected cohort, satisfaction, and adherence were high, and there were no major adverse effects. There were no significant differences in secondary outcomes. In the study by Oosting et al, 38 Implantation (TAVI). 39 The internal validity of the study was compromised by the study design (case series with no control group). The frailty index used was the Clinical Frailty Score (CFS), however, the authors did not specify a diagnostic cut-off value and instead initially only included patients over the age of 65, using age as a surrogate All 3 studies were not powered to assess the effect of exercise prehabilitation on post-operative outcomes. The impact of exercise prehabilitation on perioperative outcomes remains ill-defined despite the potential theoretical benefits. The evidence for feasibility was considered to be low quality due to the risk of selection bias in these studies, while there was moderate quality evidence for the effect of exercise prehabilitation on pre-operative function ( Table 6 ).
The quality of evidence for post-operative recovery was graded as being very low. There is a need for large randomised controlled trial to define the clinical effects of exercise prehabilitation on frail patients undergoing elective surgery.
| PREHABILITATION: EXERCISE AND NUTR ITION
Two studies 40, 41 have assessed pre-operative exercise and nutritional optimisation in frail patients (Table 5 ). Both studies were weakened by their study designs. In a non-randomised and non-blinded study by Mazzola et al 40 , patients underwent curative surgical resections for malignancies of the oesophagus, stomach, or pancreatic head, with a score of at least 2 on a modified frailty index. The primary outcome was mortality at 30 days and 3 months following surgery, while secondary outcomes were post-operative complications, duration of hospital stay, readmission and need for institutional care following discharge. In addition to aerobic activity (moderate intensity walking for 30 minute), patients used an incentive deep breathing exerciser at least 3 times per day. Nutritional supplements were prescribed between 5 and 14 days prior to surgery depending on their risk of malnutrition. There was a 14% and 28% reduction in 30-day (P < 0.01) and 3-month mortality (P < 0.001) in the intervention group. The overall complication rate was reduced by 33%
(P < 0.005), while severe complications were reduced by 26%
(P < 0.02). It is important to note that there were a higher number of pancreatic resections in the control group (16 vs 10) , and this was not adjusted for in the analysis. The study was further weakened by the small sample size (41 patients in the intervention group), and the retrospective selection of the control group.
In the study by Chia et al 41 (Table 7) . Primarily, this reflected the risk of bias, small sample sizes, and conflicting results across the 2 studies.
| PREHABILITATION: INSPIRATORY MUSCLE TRAINING
Inspiratory muscle training (IMT) consists of respiratory muscle strength and endurance training, typically with a gradation of intensity, starting at 20%-30% of maximal inspiratory pressure and progressing to 60% of maximal inspiratory pressure. 42 In a case series by Salvi et al 43 The primary outcome will be duration of hospital stay, while secondary outcomes will be post-operative complications and functional recovery. Another RCT is investigating the feasibility of prehabilitation in patients undergoing surgical resection of colorectal malignancies. Prehabilitation will consist of a 4-to 6-week exercise intervention, in addition to more holistic care, including polypharmacy management, optimising chronic disease, and home modifications to optimise functional status. 47 
| LIMITATIONS
There were a number of limitations to this review. We did not register a protocol prior to the commencement of the literature search.
Due to the paucity of available studies, we included non-randomised trials that were not blinded and at risk of bias. We excluded nonEnglish language trials from our search strategy which also increases the risk of bias. There was significant heterogeneity in the included studies in terms of outcome measures and frailty indices, which makes it difficult to pool data. These aspects should be standardised prior to embarking on larger-scale studies.
| CONCLUSION
Frailty has gained increasing attention in the medical literature over past 2 decades and is now recognised as an independent risk factor for post-operative morbidity, mortality, and disability. Despite calls for more routine assessment of frailty, no consensus exists on the optimal method of screening patients before surgery or the best strategies for intervention. The advent of surgery is particularly hazardous for frail patients and can trigger an irreversible functional decline. From a physiological standpoint, prehabilitation is an attractive means of improving the condition of frail patients and has the potential to increase their ability to withstand the stresses of an episode of surgery. While prehabilitation is an established practice in many types of elective surgery and confers a number of benefits, its role in frailty is poorly defined.
Small studies have confirmed patient satisfaction, safety and feasibility of exercise programs in frail cohorts, but clinical outcomes are lacking.
Large randomised controlled studies are warranted to quantify frailty and define the clinical effects of multimodal prehabilitation programs, including optimal composition and timing of interventions.
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